Furthermore, within a wide range of pH (5-10), removal of fluoride was observed to be consistent.
INTRODUCTION
To evaluate the optimal synthesis condition, oxides/ hydroxides of aluminum and cerium were impregnated within the pore spaces of AC under varying pH, metal concentration, and synthesis temperature. The F À removal by different composite was evaluated, and the best performing composite was selected for further study. The possibility of dissolution of impregnated metal (Al, Ce) for the best performing composite was checked. Equilibrium sorption experiments and kinetic tests were carried out, and the data were compared with available models to evaluate the sorption behavior of fluoride by the selected composite. Furthermore, the effect of pH on F À removal efficiency was assessed.
MATERIAL AND METHODS

Material
Granular activated carbon (Darco 12-20 mesh: 850-1,000 μm size), and sodium fluoride (NaF) were obtained from Sigma- 
Sorption kinetic tests
Sorption kinetics was evaluated for two optimal performing composites namely AC-AlCe-5 and AC-AlCe-9. To evaluate the sorption kinetics, 2 g/L of selected AC-AlCe composite was placed in a series of polyethylene bottles and 70 mL of 50 mg/L of the fluoride-containing solution was poured into each of these bottles. The pH of the solution was adjusted to 6.5 ± 0.3. Samples were withdrawn at different time intervals (i.e., 5, 15, 30, 45, 60, 90, 120 and 180 min) from individual bottles for analysis. A few samples were kept for a longer duration (12 h and 24 h) to ensure the following timescale was sufficient to reach near equilibrium.
Equilibrium sorption experiments
Equilibrium sorption experiments were carried out with composites AC-AlCe-5 and AC-AlCe-9. In this experiment, the concentration of the sorbent composites was kept fixed at 2 g/L, whereas the F À concentration was varied over an order of magnitude ranging from 5 mg/L to 55 mg/L. A number of solutions containing various F À concentrations were poured in a series of polyethylene bottles, each containing 0.14 g of composites (with a fixed pH of 6.5 ± 0.3). The bottles were shaken thoroughly with a rotator for 3 h at 25 W C. Before the experiment, it was assured that 3 h were sufficient time to reach near equilibrium concentration for F À sorption.
Effect of solution pH on fluoride removal
In a The composite AC-AlCe-1 synthesized with a pH value of 2.5 (no pH adjustment) shows the best performance and thus, in the next step the synthesis pH was kept fixed at 2.5. 
Effect of morality
Sorption behavior
Sorption kinetics
Sorption of F À by both AC-AlCe-5 and AC-AlCe-9 composite with respect to time were observed over a period of 180 min as presented in Figure 3 (a). The experimental data were compared with the pseudo-first-order and pseudo-secondorder kinetics model (equations in Table 1 ). Model Figure S2) . However, the chemical shift confirmed the greater progress of the chemisorption of the fluoride at a higher temperature.
Effect of pH on fluoride removal
The effects of pH, within a range of 4.5 ± 0.1 to 9.7 ± 0.1, on fluoride removal by the composite AC-AlCe-5, were presented in Figure 3 (c). Sorption of F À at a pH value of 4.5 ± 0.1 was observed to be 1.77 ± 0.28 mg/g and with an increase in pH value to 5, it reduces to 1.35 ± 0.27 mg/g. With further increase in pH the sorption capacity of F À decreases slightly, and at a pH value of 9.7, the F À removal capacity by the composite reached 1.18 ± 0.082 mg/g. In brief, over a wide range of pH (5 to 10), the effect of pH on F À removal is negligible.
This phenomenon can make this composite suitable for treat- 
